EFFECT OF SALTS UPON OXIDASE ACTIVITY OF 

APPLE BARK 

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 263 

D. H. Rose, Henry R. Kraybill, and R. C. Rose 

1 /: # . ^Kwith FIVE figures) 

* 

Introduction 

In an earlier paper (21) one of the authors showed that there is a 
marked difference in the action of the salts of the alkali metals upon 
the fire-holding capacity of tobacco, even when the salts have 
similar anions. For instance, the carbonates of potassium, 
rubidium, and caesium promote the combustion of tobacco to a 
very much greater extent than the carbonates of sodium and 
lithium. The chlorides of sodium, lithium, and potassium retard 
the combustion, but the chloride of potassium is not nearly so 
effective as the chloride of sodium or lithium. In general, the 
salts of potassium, rubidium, and caesium are much more favor¬ 
able to combustion than those of sodium and lithium. 

It has been known for a long time that potassium is an essential 
element for the higher plants. Numerous attempts have been 
made to replace potassium by sodium, and. while apparently sodium 
can fulfil some of the functions of potassium, attempts to replace 
potassium entirely by sodium have been unsuccessful. The fact 
that potassium seems to have such a marked property of promoting 
the combustion of tobacco, and sodium does not, suggests that this 
particular property of potassium may have a relation to certain 
functions in the plant, which cannot be fulfilled by sodium. These 
facts suggested that a study of the effect of the alkali salts upon 
oxidase activity might be of interest. The work reported in 
this paper was done in 1917. More extended studies were 
planned, but, since it has been impossible to carry them out com¬ 
pletely at the present time, it seemed wise to report the results 
obtained. 
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Historical 

Bertrand (5) was the first investigator to point out that the 
salts of metals influence oxidase activity. He showed that man¬ 
ganese salts greatly increase the oxidase activity of preparations 
from alfalfa. Gessard (15) found that the formation of melanin 
from tyrosin is increased in the presence of salts of the metals. 
Bach (4) substantiated Gessard’s results, and showed that 
aluminum sulphate, salts of calcium, magnesium, manganese, 
and zinc increase melanin formation from tyrosin. The effect of 
the salts is to increase the further change of the oxidation product 
rather than to activate the taking up of oxygen. Aluminum 
salts hasten the formation of purpurogallin from the yellow 
oxidation product of the action of oxidase upon pyrogallol. Bach 
believed that the oxidation process is retarded by the accumula¬ 
tion of the primary oxidation products, and that the salts act 
to release them. Wolff (32) found that the oxidation of tyrosin 
by tyrosinase from Russula delica is increased by the addition 
of small quantities of disodiumphosphate. Porodko (26), Aso (3), 
Alsberg (2), and Ewart (ii) have shown that salts of the metals 
give a blue color with guaiacum. Porodko and Ewart believed 
these salts to be inorganic oxidases. Porodko pointed out that 
those metals which form salts of two degrees of oxidation are par¬ 
ticularly active. Alsberg, and also Ewart, confirmed Porodko’s 
observation and found that the chlorides of many of the met¬ 
als give a blue color with guaiacum. Alsberg attributed an 
important part in the reaction to the chlorine. Ewart further 
found that the chlorides, nitrates, and sulphates of the same metal 
are not necessarily equally powerful in their action. Apparently 
the chlorides are more active than the sulphates. Various salts 
were found to act as sensitizers or retardants to oxidase activity. 
Potassium chloride, potassium iodide, potassium bromide, and 
potassium fluoride retard or even prevent the browning ot pounded 
apple pulp. ‘ ~ §f *_ 

Numerous investigators have shown that oxidase activity is 
affected by changes in reaction of the medium. Bertrand (6) 
showed that the action upon guaiacol of laccase from Rhus succe- 
danea is inhibited by 0.002 M concentration of sulphuric acid. 


220 BOTANICAL GAZETTE [march 

* 

Wolff found tyrosinase from Russula delica most active in a 
solution neutral to phenolphthalein, and Abderhalden and Gug¬ 
genheim (i) found that tyrosinase is destroyed by 0.016 N hydro¬ 
chloric acid, and greatly retarded by 0.016 N sodium hydroxide. 
Rose ( 28) showed that the decrease in oxidase activity, as observed 
in the Bunzell apparatus, is due to an increase in the hydrogen ion 
concentration of the medium. Reed (27) found oxidase activity 
in potatoes and apples inhibited even by low hydrogen ion con¬ 
centrations; and likewise Bunzell (9) found the action of oxidase 
retarded with increasing hydrogen ion concentrations. 

Methods 

All but one of the experiments described in this paper were made 
with portions of apple bark which had been dried at 35“4o 0 C. 
for 2-3 hours, ground fine enough to pass through a 40-mesh wire 
sieve, and stored air dry in zinc-capped Mason jars. One experi¬ 
ment was made with solutions of precipitated oxidase separated 
from aqueous extracts of healthy bark and of diseased bark by the 
addition of about 10 volumes of alcohol. In order to obtain the 
precipitated oxidase, 2 gm. of bark were allowed to stand in a 
beaker with 10 cc. of water and 5 drops of toluol for 1 hour. The 
extract was then squeezed out through moist cheesecloth on coarse 
filter paper. The beaker was w r ashed with five 1 cc. portions of 
w'ater and the filter paper finally with two more. There was then 
added 50 cc. of 95 per cent alcohol to the filtrate (concentration of 
alcohol about 70 per cent) and the wiiole allowed to stand for 
10 minutes. The flocculent precipitate winch had formed was 
collected on a hard filter by gentle suction with a filter pump. 
There w r as then added 150 cc. more alcohol to the filtrate (con¬ 
centration of alcohol now about 90 per cent) and the whole 
allowed to stand for 1 hour, since precipitation w T as slow, betore 
this second fraction was collected on the filter with the first. 
The precipitate w r as dissolved in w'ater and used immediately, as 
described later. 

The stock solutions of all of the salts tested were made to a 
concentration of 0.5 N. Potassium chloride, manganese chloride, 
ferrous chloride, and ferric chloride were used also in the additional 
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concentrations of 0.1N and 0.01 N. Since there was always 
5 cc. of water in the apparatus, the final concentration of the salt, 
there was 0.1 N for 0.5 N solutions and 0.02 and 0.002 N for 
0.1 X and 0.01 N solutions used. 

Oxidation was measured in centimeters of mercury rise by 
means of the simplified Bunzell apparatus (8). The shaking ma¬ 
chine was run at the rate of 106 complete excursions per minute. All 
experiments were run for 3 hours, readings being taken every 15 min- 
utes, and a final reading the following morning. When bark was used, 
the mixtures in the apparatus contained 0.1 gm. of bark, 1 cc. of 
salt solution, and 4 cc. of 1 per cent pyrogallol solution or salt 
and pyrogallol with bark omitted, the second combination serving 
as a control on the first. Preliminary experiments had shown that 
during the time in which these experiments were run the auto¬ 
oxidation of the pyrogallol was usually not more than the equivalent 
ot 0.15 cm. mercury rise. In the experiment with precipitated 
oxidase, the precipitate from 2 gm. of bark was dissolved in 20 cc. 
of water, and 2 cc. of the solution, containing the dissolved precipi¬ 
tate obtained from o. 2 gm. of bark, were put in each apparatus, 
together with the usual amount of pyrogallol and water. All tests 
were run in duplicate. Two controls were run with each experi¬ 
ment, one containing only water, the other bark (or oxidase solu¬ 
tion), pyrogallol. and water, but without the addition of salts. 

• _ 

The figures for P H given in table VII were obtained by means of 
the apparatus described by Rose (28). 

Discussion 

The chlorides in general retard oxidase activity. The chlorides 
of potassium, sodium, and lithium depress markedly the oxidation 
of pyrogallol by bark (table I). Similar results were obtained with 
all the other chlorides tested, except ferrous chloride (table \I). 
Ferrous chloride in 0.1 N concentration with bark and pyrogallol 
showed 1.79 cm. mercury rise, and with pyrogallol alone 1.45 cm., 
compared with the control of pyrogallol and bark as 1.00 cm. 
Since terrous chloride is readily oxidized when exposed to the 
air, it is quite probable that the oxygen absorption for the most 
part represents that absorbed in the oxidation of ferrous chloride. 
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Results 

#4 

The results of the experiments are shown in tables I-VII and 
figs. 1-5. 


TABLE I 

Effect of o.i N KC1, NaCl, and LiCl on oxidation of pyrocallol by powdered 

HEALTHY APPLE BARK; TEMPERATURE 23.2-23. 6° C.* 


Time of reading 


NO BARK 



Bark 


KCl 

NaCl 

LiCl 

Check 

KCl 

NaCl 

LiCl 

May 21 







0.00 

12.30. 

0.00 , 

0.00 

0.00 

0.00 

0.00 

0.00 

12.45 . 

0.03 

0.13 

0.00 

0.03 

0.06 

0.07 

0.03 

1 .00. ...... 

0.03 

0.13 

0.00 

0.08 

0.05 

0. II 

0.05 

115- ...... 

0.08 1 

0.20 

0.00 

0.23 

0-15 ’! 

0.18 

0.15 

1 . ^0 

0.05 

O.I7 

0.02 

0.25 

015 

0.18 

0.15 

1 45 . 

0.05 

0.13 

0.00 

0-33 


0.21 

0.15 

0.16 

2.00. ..... 

0.07 

0.18 

0.00 

0-38 

0.15 

O. 24 

2 I c 

• M. J ••••«. 

0.08 

0.19 

i 0.05 

0.43 

0.19 ! 

0.27 

0.21 

2 30,. 

'0.08 

0.19 

0.04 

0-45 

0.19 

O.3I 

0.25 

2U5 . 

0.07 

0.17 

0.05 1 

0-45 

0.25 

0.30 

0,23 

0.26 

300..... >: 

0.05 

O. l6 

j 0.05 

o« 5 ° 

0.23 

0.32 

3*15* • * * * * 

0.09 

O. 19 

0.06 

0.65 

0.26 

j 0-30 

0.20 

3.30 — 

May 22 

0.10 

0.20 

0.0s 

0.68 

0.28 

o -35 

| 

0.32 

8.40. 

0.00 

0.00 

0.00 

1-25 

0.80 

0.74 

o -77 

• • 


* In tables I—V manometer readings in cm. of mercury corrected against an apparatus containing 
only water. 
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Fig. 1—Effect of KC 1 , NaCl, and LiCl on oxidation of pyrogallol by powdered 
healthy apple bark: A, control (bark and pyrogallol); B, KCl+bark and pyrogallol, 
C, XaCl+bark and pyrogallol; I), LiCl+bark and pyrogallol. 
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TABLE II 

Effect of 0.10X alkali carbonates on oxidation of pyrocallol by powdered 

O 


HEALTHY APPLE BARK; TEMPERATURE 2Q . 3-30.0° C. 



Time of reading 


KaCO, 


June 13 

i* 3 °.I 0.00 

**45 . 0-03 

2 - °°. 1.35 

2 * I 5 . i. 7 S 

2.30. 2.10 

2 • 45 . 2.40 

3 00 . 2.50 

3.15 . 2.60 

3 * 3 °. 2.90 

3 - 45 . 3.00 

4- oo. 3.05 

4.15 . 3.08 

T 4.30 .1 3.17 

June 14 

8 * 3 °.l 3.17 


NO BARK 


NajCOj 


0.00 

0.50 

1- 13 

1 -55 
1.78 

205 

2- 15 

2.28 
2.41 
2.47 

2-54 

2.60 

2.68 

2.63 


LiaCOi 


0.00 

0.54 

1.19 

1.64 
1.92 
2.12 
2.24 

2 -34 
2 • 55 

2 -57 

2.64 

2.69 . 

2 - 75 


2.74 


Check 


0.00 
O. 14 
O. 19 
o. 24 

0.34 

0.44 

0.49 

0-54 

0.63 

0.68 

0.74 

0.79 

0.86 


1.29 


Bark 


KaCOj 

Na,CO, 

I LiiCOj 

0.00 

0.00 

0.00 

0.08 

0 

• 

O 

0.13 

0.48 

°-47 

0.48 

0-75 

0.85 

0.82 

°-93 

1,02 

1.02 

I. l 6 

1,27 

1-23 

1 -33 

1.42 

1 -33 

1 -44 

I.S * 1 2 

1-50 

1.63 

1.76 ' 

i -74 

1 . 79 

1.86 

185 

1 ^* 87 I 

i -97 

1-93 

1-93 

2.02 

| 1.99 

2.08 

2.I9 

2.22 

2.70 * 

| 1 

2 . 6 l 

2.85 



1 2 3 ■MmnT |9 

/, 2.—Effect of K,C0 3 on oxidation of pyrogallol, with and without bark 

A KjCOj+bark and pyrogallol; B, KjCOj+pyrogallol; C, control (bark 

and pyrogallol). r 
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TABLE III 


Effect of o.ioN KC 1 and K 2 C 0 3 on oxidation of pyrogalloe by powdered 

DISEASED APPLE BARK; TEMPERATURE 27.8-29.0° C. 


Time of reading 

N T 0 BARK 


Bark 


KjCOj 

KCl 

Check 

K.COj 

. KCl 

March io 






10.00*.... 

0.00 

0.00 

0.00 

0.00 

0.00 

10.15 --- i \ 

0.68 

-0.05 

0*13 

0.46 

0.16 

10.30. ; 

1 . 24 

0.00 

0.30 

0.90 

o -33 

10.45 .. • 

1.65 i 

0.00 

0.50 

1-25 

0.38 

11.00. 

1.98 

— 0.08 

0.65 

1 - 5 ° 1 

O.48 

II 15 . 

2.25 

-0.03 

0.72 

I ♦ 72 

0.60 

11.30. 

2.38 : 

—0.03 

' 0-85 . 

193 

O.69 

II 45 ... 

2.52 j 

0.00 

0.99 

2.09 

0.82 

12.00.;*.. < t . 

2.65 

-0.05 

1.04 

2.22 

0.88 

12.15.. .. 

2.75 

0.00 

x.15 

2.35 

0.95 

12.30 . % - 

2.78 

—0.05 1 

1.18 

239 

0.95 

12.45- .....\ 

2.85 

— 0.08 

I 1.25 

2.55 

1.00 

1 .00.. # *.. . j 

2.99 

—0.05 1 

1 1.38 

2.65 

1.10 

March n 



• 



9-45 .. 

3-53 

0 

M 

• 

0 

1 

2.20 

3 - 73 

1-73 



12 3 : 24 


Fig. 3. —Effect of KC 1 and K 3 C 0 3 on oxidation of pyrogallol with and withou 
bark (diseased): A, control (bark and pyrogallol); B t K a C0 3 +bark and pyrogallol, 
C, K 2 COi+ pyrogallol; D, KCl+bark and pyrogallol ^KCl+pyrogallol gav’e no 

oxidation. 
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TABLE IV 


Effect of o.ioN potassium tartrate, sodium oxalate, and Ca(NOj) a ox 

OXIDATION OF PYROC.ALLOL BY POWDERED HEALTHY APPLE BARK', 

TEMPERATURE 20 . 2-30 . 2 ° C. 


Time of reading 

1 • 

NO BARK 



Bark 


1 Potassium 
tartrate 

Sodium 

oxalate 

Ca(N T Oj)a 

Check 

Potassium 

tartrate 

Sodium 

oxalate 

Ca(NOj)j 

June 22 

1.30. . . . ... 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1.45. 

O. II 

0.08 

0.18 

O. IO 

0.14 

! 0.20 

0.08 

2 . oo ,, v. * V , 

2.15 . 

O.25 ; 

0.10 

0. 20 

0.25 
0.30 ! 

O. 28 
0.36 

0-25 

o -35 

0.20 

0.23 

2.30 .. 

2.45 . 

o -35 

O.19 

O. 20 

0.38 

0-43 

. 0.48 
0.58 

O.46 

°-S 5 

0.30 

o -35 

3-oo . 

3.15 . 

1 0.48 

0.31 

0.28 

o -55 

0.58 

0.64 

O. 76 

0.64 

0.78 

0.40 

0.50 

3 - 3 ° . : 

3-45 - 

4.00 . i 

0.68 

1 0-38 

o -35 

0.70 

0.73 

0.80 

0.98 

0.95 

1.03 

0.80 

0.96 

1.00 

o -55 

o -59 

0.60 

4 . 15 * • -- 

4 . 30 . * . .... 

0.78 

o -35 

0.38 

O.gO- 

0.90 

1.13 

1.15 

1.10 

1.13 

O O 

• • 

vj 

O CM 

June 23 

8.20. 

% 

o- 9 S 

0.68 

0.23 

1.20 

1 -53 

1.60 

| O.98 



Fig. 4.— Effect of potassium tartrate on oxidation of pyrogallol with Mid without 
i>ark (healthy): A, control (bark and pyrogallol); B, potassium tartrate+bark and 
pyrogallol; C, potassium tartrate-h pyrogallol. 
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TABLE V 

Effect of o. io N MnCl a and K 2 S0 4 on oxidation of pyrogallol by precipitated 

OXIDASE FROM BOTH HEALTHY' AND DISEASED APPLE BARK; TEMPERATURE 

2 9 - 5 _ 3 °' * 1 2 3 4 ° C. 


Time of reading 


June 21 

1- 45 
2.00 

2 - 15 

2.30 

2 - 45 
3.00 

315 

3 - 3 ° 

3 - 45 

4.00 

4 - IS 

4 - 3 ° 

4-45 
June 22 

8.00 


• 

Healthy 


Diseased 

Check 

MnCla 

k,so 4 

Check 

MnCla 

KaSO. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.07 

0.08 

0.11 

0.17 

0.15 

0.15 

0.08 

0.10 

0.21 

0-37 

0.29 

0.30 

0.08 

0-13 

0-23 

0.42 

0.21 

0.33 

O.08 

0.13 

0.27 

O.48 

0.25 

0.43 

0.08 

0.10 

0.25 

0.50 

0.23 

O.48 

0.1$ 

0.11 

0.28 

056 

O. 24 

0.54 

0.15 

0.08 

0.30 

0.65 

0.26 

0.58 

0.18 

0.09 

o -35 

O. 70 

O. 29 

[ 0.63 

0.20 

0.08 

0.34 

0.79 : 

O.3I 

O.69 

O. 20 

0.08 

| °-37 

0.87 

0.34 

0.78 

0.23 

0.09 

0.38 

0.88 

; o -35 

0.78 

! 0.28 

0.18 

0-43 

0.98 

0.40 

; 0.93 

o-S 3 

0.28 

0.58 

1.24 

0.63 

1.28 


P 



12 3 13 


tic. 5.—Effect of MnClj and K 2 S 0 4 on the oxidation of pyrogallol on precipitated 
oxidase from both healthy and diseased bark: A (diseased), K,S0 4 +bark and pyro¬ 
gallol; B (diseased), control (bark and pyrogallol); C (diseased), MnCL+bark and 
pyrogallol; D (healthy), K 2 S 0 4 -fbark and pyrogallol; E (healthy), control (bark 
and pyrogallol); F (healthy), MCnl a +bark and pyrogallol. 
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This view is substantiated by the fact that when the concentration 
of ferrous chloride is reduced, oxygen absorption is reduced pro¬ 
portionally (table VI). If we subtract 1.45 cm. (mercury rise 
lor pyrogallol and ferrous chloride) from 1.79 cm. (mercury rise 
for bark, pyrogallol, and ferrous chloride), we have 0.34cm. for 
the oxidase activity of the bark in the presence of the ferrous 
chloride as compared with 1.00 cm. for the oxidase activity of 
bark and pyrogallol in the absence of ferrous chloride. Apparently 
ferrous chloride retards oxidase activity just as the other chlorides 
do, and the increased absorption of oxygen in the presence of 
ferrous chloride is due to the action of ferrous chloride itself in 
absorbing oxygen. Oxidation is increased by 0.002 X manganese 
chloride. This is in accord with the results of Bertrand 5' and 
others. In a concentration of 0.1 N it inhibits oxidation just as 
do the other chlorides. 

The use of precipitated oxidase shows that chlorides have a 
depressing effect on oxidation, even under conditions which elimi¬ 
nate many of the substances present in the bark powder. No 
• a # 

investigation has been made of the effect of these substances on 
the reaction, but they probably complicate it. 

The results with the chlorides are in accord with the work 
of Ewart, who found that dilute solutions of potassium 
chloride and sodium chloride prevent the browning of slices 
of apples. Ewart’s further conclusion, however, that the chlo¬ 
rides act as sensitizers to oxidation, or Alsberg s idea that 
chlorine plays an important part in the bluing of guaiacum by 
the chlorides of metals, are scarcely borne out by our observations 
that chlorides in general depress oxidase activity. It should be 
noted, however, that the results of those investigators were 
based upon color reactions, while ours were * based upon oxygen 

absorption. 

It is interesting to note that the chlorides which retard the 
combustion of tobacco at high temperatures have a similar effect 
in depressing oxidase activity. Kraybill (21) has suggested that 
the chlorides may have a negative catalytic action in the case of 
the combustion of tobacco. It would be interesting to know 
how the chlorides affect other oxidation processes. 
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The depressing effect of chlorides on oxidase activity is in 
contrast with their action on other enzymatic processes. Thus 
Nasse (25 ), Kubel (22), Cole (10), Wohlgemuth (31), Lisbonne 
(23). Hawkins (18), and others have found that chlorides increase 
the diastatic power of various preparations of diastase. Nasse, 
however, found that under certain conditions sodium chloride 
retarded diastatic activity, and later Hawkins showed that sodium 
chloride and potassium chloride in certain dilute concentrations 
(M/128-M 512) retard diastatic activity. It would have been 
better if the effect of the chlorides upon oxidase activity had been 
determined in a greater number of concentrations, and it will be well 
in the future to do so in studying this problem. The effect of salts 
upon lipase activity is also of interest in this connection. Loeven- 
hart and Peirce (24), Gerber (14), Terroine (30), Hamsik (16), 
Falk (12), and others found that the chlorides of various alkalies 
and alkaline earths retard lipase activity. Terroine found that 
the concentration of the salts which he studied determined the 

nature of their influence. Buchner, Buchner, and Hahn (7) 

found that the chlorides of sodium, calcium, barium, and am¬ 
monium inhibit the fermentation of cane sugar or glucose in the 
presence of pressed yeast. • 

The results presented in table VI do not show any marked differ¬ 
ence in the behavior of the different chlorides tested. The cations, 
judging from the limited data available, apparently have little 
or no effect; or at least their chlorides all behave very much 
in the same manner. In this respect the alkali salts are different 
in their effect upon the fire-holding capacity of tobacco, for here 
the salts of caesium, rubidium, and potassium in general are much 
more favorable to combustion than the corresponding salts of 
sodium or lithium. ♦ A similar contrasting behavior of different 
cations of chlorides was noted by Harden (17), who found that 
potassium chloride and ammonium chloride cause a definite degree 
of fermentation in inactivated yeast, while sodium chloride has no 

J 

effect. He says: “A specific difference in relation to alcoholic 
fermentation exists between the ions of sodium on the one hand and 
of potassium and ammonium on the other hand.” Schreiner and 
Sullivan (29) found that potassium salts retard oxidation by the 
roots of plants. ^ 
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The effect of the chlorides of the alkalies in retarding oxidase 
activity suggests a possible practical application in preventing the 
browning of fruits and vegetables during their preparation for 
canning, preserving, or drying. 

The sulphates apparently increase oxidation slightly in all 
cases, but the readings are not sufficiently large to be of any positive 
significance. 

The nitrates of potassium, sodium, and magnesium have no 
marked effect on oxidation, while the nitrates of barium, calcium, 

W w W 

manganese, and iron (ferric) decrease it. These results are similar 
to the effect upon respiration as found by Zaleski and Reinhard 
(33)- Fernbach and Lanzenberg (13) and Kayser (20) find 
that nitrates increase alcoholic fermentation, but, as they point out, 
the effect may be to increase multiplication of the. yeast cells 
rather than to affect enzymatic action. 

In tables II and III and figs. 2 and 3 are shown the oxidation 
of pyrogallol by bark alone, by bark and carbonate, and by carbon¬ 
ate alone. From these it is seen that in the last two cases oxidation 
is considerably greater than that by the bark alone. It is also 
seen that during the first 3 hours oxidation by carbonate is greater 
than that by carbonate and bark, but that after the experiment 
has stood overnight oxidation by healthy bark and carbonate 
approaches that by carbonate alone, and oxidation by diseased 
bark and carbonate exceeds it. 

The most obvious explanation of this fact, although possibly 
not the true one, is that oxidation by a carbonate is a strictly 
chemical reaction, catalyzed only by hydroxyl ions, which soon 
comes to a definite end. while oxidation by carbonate and bark 
is a reaction catalyzed by both “oxidase and hydroxyl ions, in 
"which the presence of the hydroxyl ions increases the effectiveness 
ot the “oxidase,” which is slow in reaching an end-point. 

Table VI shows that tripotassium phosphate increases oxida¬ 
tion of pyrogallol very markedly, both with and without bark. 
Although no P H values for this mixture are available, w r e know the 
salt is alkaline in reaction, and this effect complicates the matter. 

f 

With potassium dihydrogen phosphate at 0.10N concentration a 
decrease is evident, and at 0.02 N and 0.002 X concentrations a 
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slight increase in oxidation occurs. The higher hydrogen ion 
concentration is probably the cause of the slight depression in 
oxidation of the 0.10N strength of the salt. The slight increase 
in oxidation of the lower concentrations suggests that phosphates 
may increase oxidase activity, but the limited data are inconclusive. 
It is interesting to note that Iwanoff (19) found that phosphates 
raise the amount of respiration in living wheat seedlings. Zaleski 
and Reinhard (33) found that disodium phosphate increases the 
output of carbon dioxide from dried ground seeds, and that the 
monobasic phosphate decreases it because of the acid reaction. 
These authors also quote from the work of a student, Miss 
SchkloUsky, who showed that phosphates increase the action of 
peroxidases, and from work of another student. Miss Rosenberg, 
who showed that phosphates stimulate the catalase activity of 
different seeds. 

In the case of salts of organic acids and the carbonates, all 
more alkaline than any of the inorganic salts ( table VI), oxidation 
is greater at all stages of the experiment when bark is used than 
when it is not. Examples of this are shown in table IV. The 
etiect of the salt is not merely additive, however, either here or in 
the case of the carbonates, as is shown by the following: 

Oxidation op pyrogallol by bark and salt 

Tested separately Tested together 


(cm. of mercury rise) (cm. of mercury rise) 

K,C 0 3 . • .4.46 2.70 

K tartrate.. 2.15 1.53 

Na oxalate. 1.88 1.60 


Evidently when bark and salt are combined, there is some factor 

^ * 

at work which brings about a slower rate of oxidation than might 
be expected. What this factor may be we have no means of 
knowing as yet. Possib 4 y it is the partial neutralization of the 
hydroxyl ions of the salt by the acid of the bark. 

The question why salts vary so widely in the effect they have 
on oxidation is not easily answered. If we consider only the 
results with 0.1N solutions, it seems clear, in the case of the car¬ 
bonates, potassium dihydrogen phosphate, and the salts of organic 
acids here reported, that increased oxidation in their presence is 
due to the excess of hydroxyl ions they furnish; that is, by the 
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reaction (P„) their solutions establish when mixed with bark and 
pyrogallol (table VII). The reaction established by the chlorides, 
however, can hardly be responsible for the decrease in oxidation 
they bring about, since sulphates, giving about the same reaction, 
cause a small increase in oxidation. For example, a mixture of 

potassium chloride, bark, and pyrogallol has a P H of 5.19 and gives 

% 

only 63 per cent as much oxidation as the control. A similar 
mixture containing potassium sulphate has a P H of 5.13 and gives 
7 per cent more oxidation than the control. The corresponding 
figures for manganese are: manganese chloride mixture, P H = 4.50, 
oxidation = 104 per cent of the control. 

The situation for nitrates shows several irregularities. Potas¬ 
sium nitrate giving a P H of 5.14 has practically no effect on oxida¬ 
tion. Magnesium nitrate is also without effect, but gives a P H of 
4.62. The nitrates of calcium, barium, and manganese inhibit 
oxidation, but manganese gives a lower P H and the other two a higher 
one than that given by magnesium nitrate. 

The results presented justify the conclusion that when 0.1 N 
solutions of the salts are used, other ions than hydrogen and 
hydroxyl play an important part in controlling oxidation. When 
hydrogen or hydroxyl ions are neutralized in making oxidase 
activity determinations, therefore, it is important to take into 
consideration the possible effect of the salts formed thereby. This 
must be considered as merely preliminary to the real investigations 
of the relation of specific ions to the oxidation processes in plants 
and animals. The effect of iron and manganese salts has long been 
known, but more work is necessary, both with these and with 
the more commonly occurring chlorides, sulphates, and nitrates of 
other cations. 


Summary 

1. One-tenth normal solutions of all of the chlorides tested 
(potassium, sodium, lithium, caesium, ammonium, calcium, man¬ 
ganese, ferric) decreased oxidation of pyrogallol by apple bark 

powder. . ffV T 

2. Oxidation was increased very slightly by 0.10N solutions 
li'air.the sulphates tested. 
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3. Potassium, sodium, and magnesium nitrates (0.10N) 
had practically no effect on oxidation, while nitrates of calcium, 
barium, manganese, and iron (ferric) decreased it. 

4. Potassium chloride (0.02 N and 0.002 N) had no effect on 
oxidation, while manganese chloride in these concentrations 
increased it. 

5. Tartrates, oxalates, citrates, acetates, and carbonates 
increased oxidation. Marked increase in oxidation in these cases 
seems to be due, in part at least , to the low acidity of the mixtures 
of bark, pyrogallol, and salt. 

6. Marked decrease in oxidation is not necessarily accompanied 
by high acidity of the mixtures. 

7. Ions other than the hydrogen and hydroxyl may be important 
in regulating oxidase activity. 

8. In neutralizing hydrogen or hydroxyl ions, it is important 
to take into consideration, in the study of oxidase activity, the 
possible effect of the salts formed thereby. 

9. The chlorides which retard the combustion of tobacco at 
high temperatures also retard the oxidase action at low tempera¬ 
tures. 

10. The effect of the alkali chlorides upon oxidase activity 
suggests a practical application in preventing the browning of 
fruits and vegetables during their preparation for canning, pre¬ 
serving, or drying. 

The authors wish to express their appreciation to Dr. Wm. 
Crocker for many helpful suggestions. 

Bureau of Plant Industry 
Washington, D.C. 
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